Introduction {#s0001}
============

Chronic obstructive pulmonary disease (COPD) is considered a systemic disease with multiple extrapulmonary comorbidities, which may exert a significant impact on the natural courses of disease.[@cit0001] There is increasing evidence that cognitive impairment exists in patients with COPD.[@cit0002]--[@cit0005] A preliminary study by Villeneuve et al found that mild cognitive impairment (MCI) was identified in approximately one-third of patients with moderate-to-severe COPD, predominantly manifesting as attention and executive dysfunction.[@cit0002] A populated-based, prospective-cohort study by Singh et al found that COPD was associated with an increased risk of MCI, and there was a dose-response relationship between COPD duration and the risk of MCI.[@cit0005] The mechanisms for cognitive decline in COPD are multifactorial, and hypoxemia, hypercapnia, systemic inflammation and vascular comorbidities may be the main causes; however, it is unlikely that these mechanisms are sufficient to explain cognitive impairment in COPD.[@cit0006],[@cit0007]

Obstructive sleep apnea (OSA) is characterized by recurrent, partial or total collapse of the upper airway with resultant sleep structure abnormalities and nocturnal hypoxemia. Recent reports have demonstrated that patients with OSA scored poorly on measures of memory, attention and executive function, and it may increase the risk of dementia in elderly individuals.[@cit0008]--[@cit0010] Studies with transcranial Doppler found that OSA is associated with rapid, potentially harmful changes in cerebral blood flow, and inadequate cerebral perfusion was more prominent during sequences of repetitive apneas.[@cit0011] Neuroimaging studies indicated that neural damage, including axons and white matter, as well as substantial gray matter loss, were observed in several cortical regions among OSA patients, which was consistent with the deficits in different aspects of cognitive function.[@cit0012] Nocturnal hypoxemia and sleep fragmentation are considered the underlying mechanisms for cognitive impairment in OSA.[@cit0013]

OSA is common in patients with COPD and adversely impacts quality of life.[@cit0014] Patients with OSA and COPD (overlap syndrome) may develop more severe nocturnal hypoxia than those with OSA or COPD alone. Olaithe et al studied the separate effects of untreated OSA, COPD and sleep deprivation on cognitive function with a systematic review and meta-analysis and they found that COPD and OSA shared some common cognitive deficits (executive function, memory, attention, language abilities and psychomotor function), which suggests a core role for hypoxia.[@cit0015] Thakur et al reported an association between hypoxia and cognitive impairment as determined by the MMSE and a reduced risk for cognitive impairment in patients receiving supplemental oxygen.[@cit0016] Although not previously examined, it is possible that hypoxia-related mechanisms may simultaneously and/or synergistically exert an influence on cognitive dysfunction in patients with combined OSA and COPD, and sleep apnea may be another important contributor to cognitive defects in COPD. For patients with COPD, adequate cognitive functioning is essential to understand the nature of the disease, to adhere to treatment, and to lead a better quality of life. Cognitive dysfunction may also be related to increased morbidity and mortality. Given the high prevalence of OSA among COPD patients and its independent impact on cognitive function, the objective of this research was to study the effect of OSA on cognitive impairment in patients with COPD.

Materials and Methods {#s0002}
=====================

Patient Population {#s0002-s2001}
------------------

This cross-sectional study was performed at China-Japan Friendship Hospital from September 2015 to August 2019. Consecutive COPD patients over 60 years old were recruited for this study. The diagnosis of COPD was made according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines.[@cit0014] The exclusion criteria included acute exacerbation in the past two months and a history of neurological problems (e.g., Alzheimer's disease, severe cerebrovascular disease and severe head injury), history of significant psychological disorders (e.g., substance abuse, bipolar disorder and schizophrenia), mental retardation, and history of noninvasive positive airway pressure (NIPAP) or nocturnal oxygen therapy at home. This study was conducted in accordance with the Declaration of Helsinki. The China-Japan Friendship Hospital Ethics Committee approved the protocol, and all patients provided informed consent.

Pulmonary Function Tests, Arterial Blood Gas (ABG) Analysis and Clinical Questionnaires {#s0002-s2002}
---------------------------------------------------------------------------------------

Pulmonary function tests were measured according to the criteria of the American Thoracic Society/European Respiratory Society.[@cit0018] Daytime ABG analysis was performed on room air after 15 min of rest following pulmonary function tests. The Epworth Sleepiness Scale (ESS) was used to evaluate the tendency to doze off or fall asleep during the day, with a score \>10 indicating excessive daytime sleepiness.[@cit0019] The Hospital Anxiety and Depression Scale was used to evaluate anxiety and depression simultaneously.[@cit0020] The COPD Assessment Test (CAT) was used to assess health-related quality of life (HRQL), with higher scores indicating worse HRQL.[@cit0021]

Cognitive Function Evaluation {#s0002-s2003}
-----------------------------

The Mini-Mental State Examination (MMSE) was used to measure global cognitive function. It is composed of questions about different cognitive abilities, such as attention, concentration, orientation, sequence, visual--spatial abilities, understanding, reading aloud and verbal learning, memory and repetition. The MMSE is a screening test for cognitive impairment, with a maximum score of 30. A score ≥ 28 is considered to be normal, a score of 25--27 is considered to be mild impairment, and a score ≤ 24 indicates a high risk for dementia.[@cit0022] A specific trained research staff member administered the MMSE scale the morning after the sleep study.

Polysomnographic Study {#s0002-s2004}
----------------------

Full overnight polysomnography (PSG) (Alice 6, Philips, USA) was conducted with the patients breathing room air in the sleep center. All data were analyzed by experienced PSG technologists according to the updated 2012 American Academy of Sleep Medicine (AASM) criteria.[@cit0023] OSA was defined as an apnea hypopnea index (AHI) of ≥ 15 events/h.[@cit0024] A desaturation of ≥3% for ≥ 10 seconds and ≤ 3 minutes was defined as a desaturation event. The oxygen desaturation index (ODI) was defined as the number of desaturation events per hour.

Statistical Analysis {#s0002-s2005}
--------------------

Data are presented as the mean ± standard deviation for numerical variables with a normal distribution or as the median and interquartile range for data with a skewed distribution. Categorical variables are expressed as frequencies and proportions. Comparisons of continuous variables between groups were determined by the unpaired *t*-test, one-way ANOVA or Mann--Whitney *U*-test, and the chi-square test or Fisher's exact test was used for categorical data. Univariable logistic regression analysis was used to evaluate the association between possible predictors and risk of dementia. Predictor variables with p\<0.10 according to the univariable analysis were selected for multivariable regression analysis. A value of p\<0.05 was considered statistically significant. All analyses were conducted with SPSS 22.0 (SPSS Inc., Chicago, Illinois, United States).

Results {#s0003}
=======

Study Population Characteristics {#s0003-s2001}
--------------------------------

The study population included 65 patients with mainly moderate-to-severe COPD. The baseline characteristics are summarized in [Table 1](#t0001){ref-type="table"}. The demographics, sex distribution, education level, smoking status, mean ESS score, pulmonary function parameters, resting blood-gas levels, and anxiety and depression scores were comparable between patients with and without OSA. However, COPD patients with sleep apnea were more likely to have hypertension and performed worse on the CAT score.Table 1Baseline Patient CharacteristicsVariablesCOPD+OSA (n=29)COPD (n = 36)p-valueAge, years70.4±7.873.5±9.60.16Male/Female24/527/90.45BMI, kg/m^2^22.3±4.723.1±4.70.86Education, years8.3±3.78.0±4.40.38Smoking status0.67Current Smokers (n, %)10 (34%)9 (25%)Former smokers (n, %)14 (48%)21 (58%)Never-smokers (n, %)5 (17%)6 (17%)Pack-years48(32--76)50(35--80)0.65Hypertension (n, %)22(76%)16(44%)0.01Diabetes (n, %)10(27%)8(28%)0.98IHD (n, %)11(31%)6(21%)0.37Cerebral infarction (n, %)7(19%)4(14%)0.55GOLD severity, I, II/III, IV14/1518/180.16FEV~1~, % predicted54.3±18.951.8±18.90.24FVC, % predicted79.1±22.980.6±18.00.78FEV~1~/FVC, ratio53.1±10.049.6±12.70.26TLC, % predicted84.8±17.982.7±18.60.67RV/TLC, %55.0±12.253.3±10.30.58DLCO, % predicted63.3±24.759.7±17.80.53PaO~2~ (mmHg)77.7±16.877.1±20.20.91PaCO~2~ (mmHg)43.2±5.142.6±7.00.75Anxiety score5(3--8)5(2--7)0.59Depression score4.5±4.33.6±4.00.41ESS5.2±4.04.4±3.90.42CAT21.7±4.718.2±5.5\<0.01Beta-2 agonist use, n (%)18(62%)22(61%)0.94Anticholinergic use, n (%)21(72%)27(75%)0.81Inhaled corticosteroid use, n (%)14(48%)19(53%)0.72Mini-Mental State Examination23.5±3.225.5±2.90.01\* Risk for dementia. n (%)19(66%)11(31%)\<0.01 Mild cognitive dysfunction, n (%)7(24%)16(44%)0.09 No cognitive dysfunction, n (%)3(10%)9(25%)0.13[^1][^2]

PSG in Patients with and without OSA {#s0003-s2002}
------------------------------------

The PSG parameters are shown in [Table 2](#t0002){ref-type="table"}. The AHI, hypopnea index, ODI, and arousal index were higher, while the lowest SpO~2~ was lower in patients with OSA than in patients without OSA. The OSA group had more sleep time with SpO~2~ below 90% (T90). The total sleep time, median sleep efficiency, sleep structure and mean SpO~2~ were comparable between patients with and without OSA.Table 2Polysomnography ParametersVariablesCOPD+OSA (n = 29)COPD (n=36)p-valueTST, min318±72339±830.29Sleep efficiency, %72.1±13.568.9±11.90.31Arousal index, events/h30.1±14.620.0±10.4\<0.01Sleep architecture, % TST Stage N116.3±9.814.4±9.20.42 Stage N257.2±13.254.9±14.10.50 Stage N310.5±8.313.9±11.60.19 Stage R15.9±11.316.8±11.90.76AHI, events/h29.3±11.47.6±4.1\<0.01AI, events/h5.2±7.14.6±6.90.73HI, events/h24.1±12.03.0±4.4\<0.01Mean SpO~2~, %92.9±3.193.6±2.60.42Lowest SpO~2~, %78.9±7.985.0±6.1\<0.01TST90 (%)17.3±15.77.8±14.60.01ODI (≥3%), events/h20.8±11.55.6±5.0\<0.01[^3][^4]

Cognitive Function {#s0003-s2003}
------------------

The average MMSE score of the whole study population was 24.7±3.2. Among the COPD patients, 30 (46%) had an MMSE score below 24, 23 (35%) had an MMSE score between 25 and 27, and 12 (18%) had an MMSE score above 28. COPD patients with OSA performed significantly worse on the MMSE than COPD patients without OSA. Using an MMSE score of 24 points as the cutoff value for risk for dementia, 66% of patients with OSA had a risk of dementia compared to 31% of patients in the COPD alone group. Using an MMSE score of 25--27 points as the indicator for MCI, the prevalence of MCI was comparable between the two groups ([Table 1](#t0001){ref-type="table"}).

Factors Associated with Risk of Dementia {#s0003-s2004}
----------------------------------------

For COPD patients without OSA, the risk of dementia was associated with older age and lower educational level. In the multivariable regression analysis, with the risk of dementia as the dependent variable and age, educational level, and ODI as independent variables, age and educational level were independently associated with the risk of dementia. For COPD patients with OSA, the risk of dementia was associated with older age, lower educational level, and higher AHI and ODI values according to univariable logistic regression analysis. In the multivariable regression analysis, with the risk of dementia as the dependent variable and age, educational level, AHI and ODI as independent variables, age, educational level and ODI were significantly associated with a risk of dementia.

For the whole patient population, the risk of dementia was associated with older age, lower educational level, and higher AHI and ODI values according to univariable regression analysis. Patients with severe OSA (AHI≥30 events/h) had lower MMSE scores than those with an AHI\<15 events/h (22.6±1.6 vs. 25.5±2.9, p=0.008, [Figure 1A](#f0001){ref-type="fig"}). The severity of airflow obstruction ([Figure 1B](#f0001){ref-type="fig"}), comorbidities, anxiety and depression, CAT score, excessive daytime sleepiness, sleep time, sleep architecture, arousal index, lowest SpO~2~ and TST90 were not significantly associated with a risk of dementia. In the multivariable regression analysis, with the risk of dementia as the dependent variable and age, educational level, the presence of hypertension, AHI, and ODI as independent variables, age, educational level and ODI were significantly associated with a risk of dementia ([Table 3](#t0003){ref-type="table"}).Table 3Possible Predictors of Risk of Dementia in Patients with COPDTotal (n=65)COPD+OSA (n=29)COPD (n=36)OR (95% CI) pOR (95% CI) pOR (95% CI) pAge, years1.08 1.02--1.15 0.021.15 1.01--1.30 0.031.24 1.06--1.45 \<0.01Male sex1.76 0.53--5.81 0.361.33 0.18--9.66 0.780.73 0.32--1.67 0.45Education0.45 0.26--0.79 \<0.010.24 0.08--0.70 0.010.34 0.14--0.84 0.02Pack-years0.77 0.23--2.63 0.681.69 0.89--3.19 0.110.63 0.22--2.05 0.48Hypertension0.39 0.13--1.15 0.090.96 0.91--1.21 0.290.58 0.12--1.37 0.17 Diabetes0.82 0.30--2.24 0.701.05 0.96--1.14 0.280.72 0.12--4.16 0.71 IHD0.80 0.25--2.51 0.700.97 0.93--1.01 0.371.27 0.28--2.31 0.52Cerebral infarction0.39 0.11--1.37 0.140.48 0.06--3.63 0.481.02 0.98--1.06 0.29FEV~1~, % predicted1.01 0.98--1.04 0.420.98 0.94--1.02 0.301.04 0.99 −1.09 0.16 Anxiety0.98 0.84--1.14 0.760.98 0.78--1.24 0.870.94 0.74--1.20 0.60 Depression0.99 0.87--1.11 0.830.99 0.83--1.20 0.990.92 0.74--1.15 0.47  CAT0.99 0.91--1.09 0.911.11 0.92--1.33 0.280.97 0.85--1.10 0.62  ESS1.04 0.62--1.76 0.871.07 0.96--1.19 0.221.12 0.83--1.50 0.46  AHI1.17 1.09--1.27 \<0.011.18 1.03--1.34 0.021.19 0.95--1.50 0.16  ODI1.26 1.13--1.40 \<0.011.37 1.10--1.70 \<0.011.23 0.97--1.50 0.09Mean SPO~2~, %1.07 0.89--1.28 0.470.94 0.68--1.29 0.701.11 0.87--1.42 0.40Lowest SPO~2~, %0.99 0.93--1.07 0.880.96 0.85--1.07 0.451.08 0.94--1.23 0.30 TST900.98 0.96--1.01 0.101.01 0.95--1.07 0.790.98 0.94--1.01 0.19 TST, min0.99 0.97--1.03 0.730.94 0.78--1.12 0.470.96 0.82--1.13 0.62 Arousal index1.03 0.94--1.12 0.591.04 0.97--1.11 0.251.06 0.99--1.13 0.11Sleep efficiency, %0.97 0.81--1.12 0.711.06 0.97--1.15 0.200.98 0.93--1.02 0.32 Stage N1, % TST,1.02 0.81--1.35 0.591.68 0.89--3.19 0.111.03 0.98--1.08 0.30 Stage N2, % TST0.96 0.90--1.16 0.791.03 0.86--1.19 0.910.98 0.85--1.13 0.80 Stage N3, % TST0.98 0.92--1.07 0.170.98 0.95--1.01 0.290.96 0.89--1.04 0.36 Stage R, % TST1.03 0.81--1.19 0.510.94 0.78--1.12 0.471.06 0.95--1.18 0.38**Adjusted analysisOR (95% CI) pOR (95% CI) pOR (95% CI) p**Age, years1.10 1.01--1.21 0.041.26 1.05--1.50 0.011.23 1.04--1.46 0.01Education0.38 0.14--0.98 0.040.26 0.08--0.89 0.030.37 0.13--0.86 0.04 AHI1.06 0.99--1.19 0.081.07 0.94--1.26 0.27-- ODI1.24 1.04--1.48 0.021.38 1.02--1.87 0.041.03 0.98--1.08 0.22Hypertension1.06 0.92--1.13 0.31----[^5] Figure 1(**A**) The comparison of MMSE scores among patients with different severities of OSA. \*Versus patients with an AHI\<15 events/h, p \< 0.05. (**B**) The comparison of MMSE scores among patients with different severities of airflow obstruction.**Abbreviations:** AHI, apnoea hypopnoea index; MMSE, Mini-Mental State Examination; GOLD, Global Initiative for COPD.

Discussion {#s0004}
==========

COPD is a multicomponent disease with a variety of extrapulmonary comorbidities, which may impact the prognosis and increase the risk of mortality. Multidimensional assessment and personalized interventional strategies are key to optimal disease management. It has been documented that patients with COPD may manifest different degrees of cognitive impairment, which may exert damaging impacts on many facets of patient health status and therapeutic outcomes. Sleep apnea is also known to have adverse impacts on cognitive function, including attention, memory retrieval, and executive functioning. OSA is common in patients with COPD; however, there is a lack of scientific literature investigating the possible additive effects of OSA on cognitive function in patients with COPD. Our study is the first, to our knowledge, to report on sleep apnea and the risk of cognitive impairment in patients with COPD. In the current study, the prevalence of cognitive impairment was high among patients with COPD. Patients with both COPD and OSA showed poorer cognitive functioning than patients with COPD alone, independent of key demographic, educational and medical variables known to affect cognitive function in COPD. Additionally, in addition to age and education level, the severity of nocturnal intermittent hypoxia is an independent predictor of the risk of dementia in patients with COPD.

The brain is vulnerable to the systemic effects of COPD and increasing evidence has shown cognitive deterioration in patients with COPD. It is documented that the prevalence of cognitive impairment varies from 12% to 88% in patients with COPD, according to the study population and neuropsychological assessment.[@cit0025] In our patient population, which included older COPD patients who were recruited from a tertiary referral hospital with mainly moderate-to-severe disease severity, 35% of patients had MCI, and 46% had a risk of dementia, which implied a high frequency of cognitive decline among patients with advanced COPD. This high prevalence of cognitive impairment in our COPD patients may be due to the relatively older age and lower educational level of our patients. In the present study, the risk of dementia was higher in patients with OSA than in patients without OSA, while the prevalence of MCI was comparable between the two groups. The MMSE, which is one of the most widely used screening tests for the evaluation of global cognitive function, was used in this investigation to measure cognitive functioning in COPD. A meta-analysis of thirty-four dementia studies and five MCI studies reported that the MMSE had good accuracy in identifying dementia from normal aging. In memory clinic settings, the sensitivity (Se) and specificity (Sp) of the MMSE for dementia are 79.8% and 81.3%, respectively, and in community settings, the Se and Sp are 85.1% and 85.6%, respectively. However, the MMSE had limited ability to discriminate MCI from healthy controls, with Se and Sp values of 63.4% and 65.4%, respectively.[@cit0026] The Montreal Cognitive Assessment (MoCA), another cognitive dysfunction screening instrument, was reported to be superior to the MMSE in detecting MCI, according to two small sample-sized studies.[@cit0002],[@cit0027] Further studies are needed to explore more accurate and efficient assessment instruments for cognitive function among patients with COPD.

Previous studies on the relationships between lung injury and cognitive impairment among patients with COPD have yielded conflicting results. Hu et al found that the MMSE score is inversely correlated with the severity of airflow obstruction.[@cit0028] However, Dag and Thakur examined cognitive function among stable COPD patients with the MoCA or MMSE, and they did not find any associations between COPD severity measures and the risk of cognitive impairment.[@cit0016],[@cit0027] The study conducted by Salik et al showed that cognitive function in COPD patients with mild hypoxemia was similar to that observed for healthy subjects, and no relationship existed between MMSE scores and lung function parameters in either COPD or healthy subjects.[@cit0029] Similarly, in the present study, pulmonary function parameters were not associated with the risk of dementia in COPD patients with or without OSA. These discrepant consequences for cognitive function may be related to differences in disease severity and cognitive function assessment methods and to the complex interactions among COPD pathophysiological, genetic, and environmental factors. Additionally, the current result may suggest that the severity of airflow obstruction may not be closely related to the multisystem impairment of COPD, which implies the importance of comprehensive assessment of and intervention for comorbidities.

The pathophysiological mechanisms contributing to cognitive function decline in patients with COPD are complex. In addition to lung impairment, coexisting comorbidities also account for COPD-related cognitive deficits. The current data suggest that patients with both COPD and OSA had worse cognitive function than those with COPD alone. OSA has been found to adversely affect cognitive function, mainly in the attention/vigilance, executive dysfunction, verbal and visual delayed long-term memory, and visuospatial/constructional ability domains.[@cit0030] In line with previous studies, we found that patients with severe OSA (AHI ≥30 events/h) had worse MMSE scores than those with an AHI of \<15 events/h.[@cit0031] Some studies aiming to investigate the specific role of intermittent hypoxemia and fragmented sleep in the etiology of cognitive impairment found that hypoxia seems to be more closely associated with impairments in global cognitive function, and sleep fragmentation appears to be linked to the impairment of attention/vigilance.[@cit0008] In the present study, neither sleep duration nor fragmentation parameters were significantly associated with the risk of dementia in patients with COPD. This may be because the MMSE is a global measurement of cognitive function. In addition, single night in-lab PSG may not be adequately representative of usual sleep duration or quality. Cleutjens et al found that global cognitive functioning, assessed by the MMSE, was not associated with self-reported sleep disturbances in older COPD patients, which is consistent with our study. However, a trend towards worse copying function was observed in patients with sleep disturbances.[@cit0031] Further studies focusing on the linkage of sleep fragmentation and the specific domains of cognitive function may provide more information. Among the hypoxia measures, the ODI was an independent predictor of the risk of dementia for patients with COPD in our study. The ODI, a marker of intermittent hypoxia, reflects the process of hypoxemia followed by reoxygenation, similar to changes in ischemic/reperfusion injury. This process may increase the formation of free radicals and inflammatory factors, which may result in damage to endothelial function and neuronal integrity. Endothelial dysfunction may further increase blood pressure and activate the coagulation process, which will increase the risk of silent stroke.[@cit0032] Other measures of sleep-related hypoxemia, including the mean and lowest nocturnal SpO~2~ and TST90, were not found to have a significant relationship with the risk of dementia in our study. This result may suggest that intermittent hypoxia, instead of the level and duration of hypoxia, may be more closely related with a higher risk of oxidative damage and adverse outcomes. Continuous positive airway pressure (CPAP) for sleep apnea has been demonstrated to be associated with the amelioration of Alzheimer's disease (AD) neuropathological biomarkers changes in patients with subjective cognitive impairment.[@cit0033] Furthermore, a recent study found that CPAP can increase gray matter volume in the hippocampal and frontal regions, which is paralleled by improvements in memory, attention, and executive functioning in patients with OSA.[@cit0034] Thus, it is possible that CPAP may ameliorate cognitive decline in patients with COPD and OSA, which needs to be further studied.

It has been reported that comorbid psychological disorders, such as anxiety and depression, may increase the risk of cognitive impairment in patients with COPD.[@cit0035] In the present study, we did not observe an association between the risk of dementia and anxiety or depression scores. Possible explanations may be that similar to some previously reported data,[@cit0036] the HADS anxiety and depression scores in the present COPD population are relatively low, which suggests that most patients did not have significant anxiety or depression symptoms. It should also be noted that anxiety and depression symptoms were assessed by subjective questionnaires rather than by diagnosis by a psychologist in our patient population. In addition, although some studies reported that the prevalence of depression in COPD ranges from 10%--79%, it accounts for only a very small part (1--2%) of the variance in cognition in these patients.[@cit0037]

Several limitations of this study should be noted. First, the present study investigated patients with COPD and OSA or COPD alone; however, it does not contain a sleep apnea only group. Although some previous studies reported lower MMSE scores in patients with OSA than in healthy controls,[@cit0038],[@cit0039] it is unclear whether the interaction between OSA and COPD could produce synergistic effects on cognitive decline according to the results of the present study. A normal group that has neither OSA nor COPD may also be needed, in addition to a group with OSA sans COPD, to confirm this effect. Second, the pictures of cognitive defects in COPD and OSA are very complicated, and thus far, no consensus has been achieved regarding the definition of cognitive impairment in patients with COPD. The MMSE has been proven to be an adequate test for the global evaluation of cognitive function and has been shown to be associated with important clinical outcomes of COPD.[@cit0040] However, it is a relatively simple assessment for cognitive function. More detailed and specific cognitive function assessments are warranted to understand the impact of OSA on the specific domain of cognitive impairment among patients with COPD. Third, due to the open invitation for participation in the study and the lack of randomization of patients, the possibility that patients with more frequent symptoms and greater concern about having OSA and cognitive impairment may have accepted the invitation, which may have resulted in the relatively high prevalence of overlap syndrome and cognitive impairment in this sample, cannot be excluded. In addition, it should also be noted that the post hoc selection of predictor values is a limitation, as this may artificially lower the p-values in the multivariable analysis. Finally, the sample size was relatively small, and we recruited elderly patients with mainly moderate-to-severe disease severity and relatively low educational levels. As shown in previous studies and our results, age and educational level are closely related to cognitive function.[@cit0041] Therefore, our findings could not be generalized to COPD patients with different severities and demographic characteristics. Future studies including more general COPD populations are needed to investigate the natural courses of cognitive decline among patients with COPD and the associated precipitating factors.

Conclusions {#s0005}
===========

In summary, the current data found that cognitive impairment is common in elderly patients with COPD. Cognitive impairment is associated with an increased risk of all-cause hospitalization, disability and mortality in patients with COPD. It may be reasonable to list cognitive function assessment as a routine part of the multidimensional disease management approach because early identification of and intervention for MCI may have the potential to ameliorate the negative health care outcomes associated with cognitive impairment. Additionally, our findings showed that patients with both COPD and OSA are at elevated risk for dementia. Managing patients with these two diseases may require more individualized education and cognitive care interventions than patients with one disease. Because intermittent hypoxia is associated with cognitive impairment, future work is needed to clarify whether COPD patients with concurrent OSA can obtain cognitive function benefits from the effective treatment of the reversible disease status of sleep apnea.

The work was performed in Department of Pulmonary and Critical Care Medicine, Center of Respiratory Medicine, China-Japan Friendship Hospital, National Clinical Research Center for Respiratory Diseases, Beijing, China. This study was not involved in any off-label or investigational use, it reported an observational study, and it is not a clinical trial.
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[^1]: **Notes:** Data are expressed as mean±standard deviation, median and interquartile range, or count (percentage). \**P*\<0.05 for all levels of cognitive function between the 2 groups according to Chi Squared test.

[^2]: **Abbreviations:** OSA, obstructive sleep apnea; COPD, chronic obstructive pulmonary disease; BMI, body mass index; IHD, ischemic heart disease; FEV~1~, forced expiratory volume in 1 s; FVC, forced vital capacity; GOLD, Global Initiative for COPD; RV, residual volume; TLC, total lung capacity; DLCO, diffusion capacity of the lung for carbon monoxide; PaO~2~, arteria oxygen partial pressure; PaCO~2~, arteria carbon dioxide partial pressure; ESS, Epworth Sleepiness Scale; CAT, COPD assessment test.

[^3]: **Note:** Data are expressed as mean ± standard deviation.

[^4]: **Abbreviations:** OSA, obstructive sleep apnea; AHI, apnoea hypopnoea index; AI, apnea index; HI, hypopnea index; SpO~2~, pulse oxygen saturation; TST, total sleep time; R, rapid eye movement; ODI, oxygen desaturation index with oximetry recording; TST90, percentage of total sleep time spent with oxyhemoglobin saturation below 90%.

[^5]: **Abbreviations:** COPD, chronic obstructive pulmonary disease; IHD, ischemic heart disease; FEV~1~, forced expiratory volume in 1 s; CAT, COPD assessment test; ESS, Epworth Sleepiness Scale; AHI, apnea hypopnea index, ODI, oxygen desaturation index; SpO~2~, pulse oxygen saturation; TST, total sleep time; TST90, percentage of total sleep time spent with oxyhemoglobin saturation below 90%.
